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Abstract. Anti-programmed cell death 1 (PD-1)/PD-1
ligand-1 (PD-L1) drugs have been used clinically, including
those for skin cancer, with reasonable efficacy. Despite
extensive ongoing research on bone and soft tissue sarcomas,
there is a paucity of reviews that present a coherent picture.
The present article is a comprehensive narrative review on the
role of the PD-1/PD-L1 immune checkpoint in bone and soft
tissue tumors. The review outlines the biological functions
and mechanisms of action of PD-1/PD-L1 and its expression
and clinical significance in various tumor types, including
osteosarcoma and soft tissue sarcoma. Clinical trial results
of immune checkpoint inhibitors, their association with prog-
nosis, mechanisms of resistance to therapy, immune-related
adverse events, and their potential in combination therapies,
were also discussed.

Contents

1. Introduction
2. Biological role and mechanism of PD-1/PD-L1
3.PD-1/PD-L1 expression in bone and soft tissue tumors
4. Clinical trials of ICIs
5.PD-1/PD-L1 expression and prognosis
6. Mechanisms of resistance to PD-1/PD-L1 blockade
7. Clinical and preclinical studies (2009-2014)
8. Immune-related adverse events (iRAEs)
9. Combination therapy of PD-1/PD-L1 ICIs and other
treatments
10. Future directions
11. Conclusions

Correspondence to: Dr Kazuhiko Hashimoto, Department of
Orthopedic Surgery, Kindai University Hospital, Ohnohigashi 377-2,
Osaka-Sayama, Osaka 589-8511, Japan
Email: hazzhiko@med.kindai.ac.jp
Abbreviations: PD-1, programmed cell death 1;
programmed cell death ligand-1

PD-L1,

Key words: PD-1/PD-L1, bone and soft tissue tumors, review

1. Introduction

Programmed cell death protein 1 (PD-1) and its ligand
PD-L1 are crucial immune checkpoint molecules which
regulate the immune response. PD-1 is a receptor protein
present on the surface of T cells and other immune cells.
It plays a role in suppressing T-cell activity for appropriate
immune response control (1). PD-1 was discovered in
1992 as a gene associated with programmed cell death (2).
However, subsequent research revealed that PD-1 primarily
functions as an immune checkpoint (3). PD-L1 protein
is present mainly on the surface of tumor cells and some
normal cells (3). PD-L1 is expressed in numerous tissues,
but is relatively more abundant on tumor cells (4). When
PD-L1 binds to PD-1, it suppresses T-cell attack and
weakens the immune response (3), allowing tumor cells to
evade the immune system. The PD-1/PD-L1 pathway is an
important target in cancer immunotherapy (4). Drugs that
block PD-1 and PD-L1 (immune checkpoint inhibitors;
ICIs) have enabled great progress in cancer treatment (5).
Their effectiveness has been confirmed in numerous types
of cancer, including melanoma, non-small cell lung cancer
and renal cell carcinoma (6). Recently, systematic reviews
have addressed the relationship between PD-1/PD-L1
immune checkpoint mechanisms and bone and soft tissue
tumors; however, limited comprehensive reviews have
summarized the long-term outcomes of ICIs, including
their side effects. This gap highlights the need for more
robust evidence regarding the efficacy and safety of these
therapies in the context of sarcomas (7-9). The present
review examines PD-1/PD-L1 expression in bone and soft
tissue tumors, focusing on their clinical significance, based
on studies conducted between 2009-2024.

2. Biological role and mechanism of PD-1/PD-L1

PD-1 is an inhibitory receptor expressed on activated
T cells, B cells, and myeloid cells. Its ligand, PD-LI, is
expressed on cells, including tumor cells within the tumor
microenvironment (Figs. 1 and 2). The interaction between
PD-1 and PD-L1 inhibits T-cell function, allowing tumors
to evade immune surveillance. This mechanism is central
to the development of ICIs which block PD-1/PD-L1 inter-
action, restoring T-cell activity and enhancing antitumor
immunity (10,11).
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3. PD-1/PD-L1 expression in bone and soft tissue tumors

Osteosarcoma. Osteosarcoma is the most common primary
malignant bone tumor and predominantly affects adoles-
cents and young adults. PD-L1 expression in osteosarcoma
is associated with poor prognosis, indicating its potential as
a prognostic marker (11). Previously, the authors evaluated
preoperative needle biopsy specimens from 16 patients with
osteosarcoma, performing immunostaining for CD4, CD8,
PD-1 and PD-L1 (11). The findings revealed that 75% of
specimens were positive for both CD4 and CDS, while PD-1
and PD-L1 positivity rates were 18.7 and 62.5%, respectively.
Notably, the tumors were larger in PD-L1-negative cases than
those in PD-L1-positive cases. Furthermore, high PD-L1
expression correlates with increased tumor invasiveness and
metastatic potential, suggesting that PD-1/PD-L1 blockade
may be a suitable therapeutic strategy (11). Other studies
have supported that PD-L1 expression in osteosarcoma cells
may contribute to immune evasion and tumor progression
(Fig. 3). Paydas et al (12) found that PD-L1 expression is
significantly higher in metastatic osteosarcoma than that in
non-metastatic cases and correlates with shorter overall and
disease-free survival.

Soft tissue sarcomas (STSs). STSs are a heterogeneous group
of malignancies arising from mesenchymal tissues. PD-L1
expression varies among STS subtypes. The expression rate
of PD-1 is in the range of 12.2-28.3% and that of PD-L1 is
10.7-31.7% (13-16). In addition, dedifferentiated liposarcoma
exhibits higher expression levels of PD-1, PD-L1 and PD-L2
than those in other sarcoma subtypes. These elevated expres-
sion levels suggest a potential immunosuppressive environment
which may contribute to the tumor's ability to evade immune
detection and response. Investigating these expression patterns
is crucial for developing targeted therapies that leverage ICIs
in treating dedifferentiated liposarcoma (15). It was previ-
ously demonstrated that PD-L1 is more frequently expressed
in high-grade sarcomas (17), which are associated with poor
clinical outcomes, suggesting that PD-1/PD-L1 inhibitors
may benefit patients harboring tumors with high PD-L1
expression. Studies by Kim ef al (18) and Anastasiou et al (9)
revealed that PD-L1 expression is prevalent in certain STS
subtypes, such as undifferentiated pleomorphic sarcoma and
leiomyosarcoma, suggesting a potential role of ICIs in these
subtypes, particularly when conventional therapies fail. They
found that PD-L1 is expressed in significant number of cases
and is associated with relatively poor overall survival (OS)
rates (11 and 19 months for patients positive and negative for
PD-L1, respectively). In addition, Anastasiou et al (9) reviewed
the role of ICIs in sarcomas, highlighting their potential and
limitations. They reported that monotherapies with ICIs
exhibit inadequate responses in sarcomas, while combina-
tions with targeted therapies, such as TKIs and anti-CTLA-4,
have demonstrated promising results, particularly in alveolar
soft part sarcomas. The aforementioned study emphasized
that although certain sarcoma subtypes, such as undifferenti-
ated pleomorphic sarcoma, exhibit the prevalence of tertiary
lymphoid structures and may have improved response to ICIs,
further research is necessary to identify predictive biomarkers
for treatment efficacy.

In high-grade STSs, PD-L1 expression is associated with
increased tumor aggressiveness and poor prognosis. Despite
multidisciplinary treatments, including extensive resection,
high-grade STSs have a high recurrence rate and poor prog-
nosis (19). It was found that PD-1 and PD-L1 expression levels
in these sarcomas can serve as biomarkers for identifying
patients who may benefit from immune checkpoint blockade
therapy (20,21). These findings are supported by those of
D'Angelo et al (22), who demonstrated the clinical activity
of pembrolizumab, an anti-PD-1 antibody, in patients with
PD-L1-expressing advanced sarcomas.

Desmoid tumors. Desmoid tumors, also known as aggressive
fibromatosis, are benign but locally invasive soft tissue tumors.
The PD-1/PD-L1 immune checkpoint mechanism is reportedly
in active in desmoid tumors (23). This research included biopsy
and resection samples from patients diagnosed with desmoid
tumors, focusing on the immunohistochemical assessment of
PD-L1 expression. The findings revealed that while PD-L1 was
expressed in the tumor microenvironment, all patients were
negative for PD-1. However, low PD-L1 expression was found
in desmoid tumors, which may reflect their benign nature (24);
some desmoid tumors exhibit PD-1/PD-L1 expression, indi-
cating a possible, albeit limited, role for immunotherapy in
selected patients.

Angiosarcoma. Angiosarcoma is a rare and aggressive malig-
nancy of endothelial cell origin (25). The importance of the
PD-1/PD-L1 pathway in angiosarcoma (26). In particular, high
PD-L1 expression may be a target for immunotherapy (26). The
aforementioned study discussed the role of the PD-1/PD-L1
pathway in cancer, further emphasizing its significance in
immune regulation and tumor progression. PD-L1 serves as
a critical immune checkpoint which inhibits T cell activation
when it binds to PD-1, thus promoting immune evasion by
tumors. The authors have explored the following dual func-
tions of PD-L1: its role in suppressing antitumor immunity
and its pro-oncogenic signaling which enhances cancer cell
survival and resistance to apoptosis. The research also high-
lights the therapeutic potential of targeting this pathway with
ICIs, which have demonstrated promising potential in treating
various cancers. High PD-L1 expression has been confirmed
in some patients with angiosarcoma (27), suggesting that
immunotherapy (for example, PD-1/PD-L1 inhibitors) may
be effective. A previous study reported that ~40% of tumor
samples from patients with angiosarcoma are PD-L1-positive.
In this patient population, the use of PD-1 inhibitors resulted
in tumor shrinkage and disease stabilization (28). Significant
tumor shrinkage was observed in some patients with advanced
angiosarcoma in a clinical trial using PD-1/PD-L1 inhibi-
tors (29). It was found that PD-1,PD-L1 and other immunogenic
markers such as NY-ESO-1 and MAGE-A4 are expressed in
cutaneous angiosarcoma, suggesting that multitargeted immu-
notherapy may be a promising approach for this aggressive
cancer (20,21).

4. Clinical trials of ICIs

Several clinical trials have investigated the efficacy of
PD-1/PD-L1 inhibitors in bone and soft tissue tumors. The
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Figure 1. PD-1/PD-L1 immune checkpoint mechanism. The PD-1/PD-L1
immune checkpoint mechanism involves the interaction between the PD-1
receptor on T cells and the PD-L1 ligand on cancer cells. When PD-1 binds
to PD-L1, it inhibits T cell activation, allowing cancer cells to evade the
immune response. Immune checkpoint inhibitors, such as pembrolizumab,
block this interaction, thereby enhancing T cell activity and promoting an
effective antitumor immune response. This mechanism is crucial in cancer
immunotherapy, particularly for certain types of sarcomas and other malig-
nancies. PD-1, programmed cell death 1; PD-LI1, programmed cell death
ligand-1; MHC, major histocompatibility complex.
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Figure 2. PD-1/PD-L1 immune checkpoint mechanism involving both
systemic and local cycles. Systemically, activated T cells express PD-1, which
binds to PD-L1 on cancer cells, inhibiting T cell activation and allowing
tumors to evade the immune response. Locally, within the tumor microen-
vironment, cancer cells and surrounding support cells also express PD-L1,
further suppressing T cell function. Immune checkpoint inhibitors block this
interaction, enhancing T cell activity and promoting a stronger anti-tumor
immune response. PD-1, programmed cell death 1; PD-L1, programmed cell
death ligand-1.

PD-1 inhibitors pembrolizumab and nivolumab have been
evaluated in various sarcoma subtypes. The SARCO028 trial
demonstrated significant activity of pembrolizumab in undif-
ferentiated pleomorphic sarcoma and liposarcoma, leading
to ongoing investigations into combination therapies and in
other sarcoma subtypes (30). This trial included two cohorts
and enrolled 86 patients, with 84 receiving pembrolizumab.
The overall objective response rate was 18%, with notable
responses observed in undifferentiated pleomorphic sarcoma
(40% response) and dedifferentiated liposarcoma. Despite
the promising results in specific subtypes, the primary
endpoint of overall response was not met for either cohort.
The study also reported various grade 3 or higher adverse
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Figure 3. Potential PD-1/PD-L1 immune checkpoint mechanism in the
bone and soft tissue tumor microenvironment. The PD-1/PD-L1 immune
checkpoint mechanism involves both CD4* and CD8* T cells in regulating
immune responses against tumors. CD8* T cells, which are crucial for
directly eliminating cancer cells, express PD-1 which binds to PD-L1 on
tumor cells, inhibiting their function. Similarly, activated CD4* T cells can
also express PD-1, further contributing to immune suppression. Tumors
often exploit this pathway by upregulating PD-L1, allowing them to evade
immune detection. Immune checkpoint inhibitors targeting PD-1 or PD-LI
can block this interaction, restoring the activity of both T cell populations
and enhancing antitumor immunity. PD-1, programmed cell death 1; PD-LI,
programmed cell death ligand-1; MHC, major histocompatibility complex;
IFN, interferon.

events, highlighting the need for further investigating the
efficacy of pembrolizumab in these sarcomas. Nivolumab in
combination with the a CTLA-4 inhibitor ipilimumab showed
promising results in heavily pretreated patients with sarcoma,
high-lighting the potential for synergistic effects in enhancing
antitumor immunity (22). A total of 85 eligible patients
were randomized to receive either nivolumab monotherapy
or a combination of nivolumab and ipilimumab. The results
showed an objective response rate of 5% in the nivolumab
group and 16% in the combination group. Serious but manage-
able treatment-related adverse events occurred in both the
groups. The findings suggest that while nivolumab alone
may not warrant further investigation in unselected sarcoma
populations, the combination with ipilimumab demonstrated
promising efficacy, particularly in certain sarcoma subtypes,
indicating the need for further randomized studies to validate
these results.

5.PD-1/PD-L1 expression and prognosis

PD-1/PD-L1 expression is associated with prognosis in various
bone and soft tissue tumors. High PD-L1 expression generally
correlates with poor outcomes, including low OS and high
recurrence rates. For example, patients with osteosarcoma and
high PD-L1 expression tend to have worse survival rates than
those with low PD-L1 expression. Similarly, in STSs, high
PD-L1 expression is often associated with more aggressive
disease and lower survival rates. Additionally, higher PD-1
expression levels in synovial sarcoma are associated with
shorter progression-free survival (PFS) rates. This correlation
suggests that increased PD-1 expression may contribute to a
more immunosuppressive tumor microenvironment, negatively
impacting the efficacy of the immune response and leading to
poorer clinical outcomes (31). These findings underscore the
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potential of PD-1/PD-L1 as both a prognostic marker and a
therapeutic target in such malignancies (11,12).

However, it remains controversial whether high or low
expression of PD-1/PD-L1 immune molecules correlates with
prognosis. One reason for this is the exhaustion of T cells in
the tumor microenvironment (32).

T cells that are definitively induced may no longer be able
to function in the tumor microenvironment, even when they
have colonized it. Miyake et al (15) reported that the expres-
sion rates of PD-1, PD-L1 and PD-L2 are not associated with
prognosis; however, high Ki67 expression was identified as a
significant factor for poor prognosis. This finding highlights the
importance of Ki67 as a marker for tumor proliferation and its
potential role in predicting clinical outcomes in patients (15).

6. Mechanisms of resistance to PD-1/PD-L1 blockade

Despite the promising results of PD-1/PD-L1 inhibitors,
resistance to these therapies remains a significant challenge.
Mechanisms of resistance include adaptive immune resistance,
in which tumors upregulate PD-L1 in response to immune pres-
sure, and intrinsic resistance, involving genetic and epigenetic
changes within the tumor cells. A study by Martin et al (33)
highlighted the role of the tumor microenvironment in medi-
ating therapy resistance. Factors such as tumor-associated
macrophages, regulatory T cells, and myeloid-derived
suppressor cells can inhibit the antitumor immune response,
even in the presence of PD-1/PD-L1 blockade (33). Combining
PD-1/PD-L1 inhibitors with other therapeutic modalities, such
as chemotherapy, radiotherapy, or other immunotherapies,
may help overcome resistance. Studies are in progress to iden-
tify the most effective combination strategies to enhance the
efficacy of ICIs in bone and soft tissue tumors (22).

7. Clinical and preclinical studies (2009-2014)

Between 2009 and 2014, foundational studies laid the ground-
work for elucidating the role of PD-1/PD-L1 in various cancers,
including bone and soft tissue tumors. The role of PD-1/PD-L1
in immune evasion was first characterized in melanoma and
lung cancer, providing a rationale for exploring these pathways
in other cancers types.

Preclinical studies. Preclinical studies have demonstrated that
PD-L1 is upregulated in response to immune attack, suggesting
that targeting this pathway may enhance antitumor immunity.
In this regard, Dong et al (10) established that PD-L1 on tumor
cells inhibits T-cell function, which is pivotal in understanding
the tumor immune escape mechanism. In sarcomas, initial
studies focused on assessing PD-L1 expression and its impact
on the tumor microenvironment. These studies provided
evidence that, similar to other solid tumors, sarcomas can
evade the immune system via PD-1/PD-L1 interaction. Chen
and Han (34) found that PD-L1 expression in sarcoma cell
lines was associated with resistance to T cell-mediated cyto-
toxicity, supporting the potential for PD-1/PD-L1 blockade in
these tumors.

Clinical studies. Clinical studies conducted between
2009-2014 focused primarily on the safety and preliminary

efficacy of PD-1/PD-L1 inhibitors. Early-phase trials in mela-
noma and lung cancer demonstrated durable responses and
manageable toxicity, paving the way for trials in other cancers,
including sarcomas. Topalian et al (35) conducted a land-mark
phase I trial of nivolumab in patients with various cancers,
including melanoma, demonstrating promising antitumor
activity and durable responses. Brahmer et al (36) evaluated
PD-1 blockade with pembrolizumab in solid tumors, including
a small cohort of patients with sarcoma. Although the response
rate was lower in sarcomas than that in melanoma and lung
cancer, the aforementioned study highlighted the potential for
PD-1/PD-L1 blockade in sarcomas and provided a platform for
more focused trials.

Clinical studies (2014-2024). Italiano et al (37) performed a
combined analysis of data from multiple phase Il trials to assess
the efficacy of PD-1/PD-L1-targeted therapy in advanced
soft tissue sarcoma. This analysis included 384 patients, 153
of whom received PD-1/PD-L1 inhibitor monotherapy. The
overall response rate for monotherapy was 15.1%, and the
non-progression rate was 58.5%. Based on histology, focal
soft-tissue sarcomas and anaplastic pleomorphic sarcomas
had the highest response rates, while leiomyosarcomas had the
lowest response rates. PD-L1 expression rates were generally
low and not consistently associated with objective response.
The investigators concluded that PD-1/PD-L1 inhibitors
demonstrate only limited efficacy in the unselected soft-tissue
sarcoma patient population and recommended stratification
for sarcoma heterogeneity and longitudinal blood and tissue
sampling in future studies.

Somaiah et al (38) evaluated the efficacy and safety of the
dervalumab and tremelimumab combination in a single-center
phase II trial in patients with advanced or metastatic soft
tissue and osteosarcoma. Among the 62 enrolled patients,
57 were treated, with 37.2 months of follow-up and a 12-week
point-of-care. The PFS rate was 49%, and the median OS
(mOS) was 17.4 months. The most common adverse events
were lipase elevation, colitis and pneumonia, with one patient
experiencing a grade 5 adverse event. The investigators
concluded that the combination was active against advanced
or metastatic sarcoma and warrants further evaluation in
specific subsets.

Gordon et al (39) conducted a phase I/II trial evaluating
the safety and efficacy of the combination of ipilimumab,
nivolumab and trabectedin (SAINT regimen) as primary
therapy for advanced soft tissue sarcoma. In Phase I, the
maximum tolerated dose of trabectedin was 1.2 mg/m? in nine
previously treated patients. In Phase II, 79 untreated patients
were evaluated; the results showed six complete responses, 14
partial responses and 49 stable responses, with a best response
rate of 25.3% and a disease control rate of 87.3%. The median
PFS (mPFS) was 6.7 months and the mOS was 24.6 months. In
terms of safety, the most common Grade 3/4 treatment-related
adverse events reported were alanine aminotransferase
elevation (25%), fatigue (8.7%), aspartate aminotransferase
elevation (8.7%), neutropenia (5.4%) and anemia (4.6%). The
researchers concluded that the SAINT regimen is a safe and
effective first-line treatment for advanced soft-tissue sarcoma.
The aforementioned study represents a new therapeutic
approach combining ICIs and conventional chemotherapy
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and provides important implications for treatment strategies
against soft-tissue sarcoma.

The SU2C-SARCO032 trial is a Phase II randomized study
focusing on 127 patients with high-risk extremity soft tissue
sarcoma, primarily including undifferentiated pleomorphic
sarcoma and dedifferentiated/mixed-type liposarcoma across
20 medical institutions (40). The trial assessed the efficacy of
pembrolizumab administered preoperatively for three cycles
and postoperatively for up to 14 cycles, with the primary
endpoint being the two-year disease-free survival rate. Results
indicated that pembrolizumab administration reduced the risk
of cancer recurrence by 43% after two years, highlighting its
effectiveness in treating soft tissue sarcoma.

Liao et al (41) conducted a two-center study evaluating the
efficacy and safety of PD-1 inhibitor-based immunotherapy
in patients with sarcoma, including both monotherapy and
combination therapy. Among 37 patients with advanced or
unresectable tumors, the mPFS was 5 months and mOS was
13 months. mPFS and mOS were not significantly different
between PD-1 inhibitors in combination with targeted therapy
and in combination with chemotherapy. There were no signifi-
cant differences in mPFS and mOS between PD-1 inhibitors
plus targeted therapy and chemotherapy. The six patients
who received adjuvant therapy demonstrated a longer mPFS
of 15 months. The investigators concluded that this immu-
notherapy is effective against sarcoma and has a manageable
safety profile.

Babatunde et al (42) performed a retrospective single-center
study which evaluated the efficacy of ICI-based therapy in
60 patients with leiomyosarcoma. The findings revealed an
mPFS of 8.43 weeks and an overall response rate of 6.67%
(four patients). Of note, two of the four patients demonstrating
partial responses had BRCA1 or BRCA2 mutations. Thus,
while the aforementioned study suggested that the overall
effect of ICI treatment for leiomyosarcoma is limited, patients
with LMS and specific molecular profiles (such as BRCA1/2
mutations) may benefit from ICI.

8. Immune-related adverse events (iRAEs)

PD-1/PD-L1 inhibitors are widely used as part of cancer immu-
notherapy, but they can cause side effects called iRAEs (43).
While PD-1/PD-L1 inhibitors enhance the antitumor activity
of T cells and prevent the immune escape of tumor cells, they
can over-activate autoimmune responses, causing iRAEs (44).

Main iRAEs. iRAEs can affect various organs of the body,
and the following symptoms have been reported (45): Skin
disorders, including rash, itching and psoriasis-like dermatitis.
Gastrointestinal disorders such as diarrhea, colitis and hepa-
titis have also been identified. Endocrine disorders comprise
thyroid dysfunction, diabetes and adrenal insufficiency.
Reported lung disorders include pneumonia and interstitial
pneumonia, and neuropathies include peripheral neuropathy
and central nervous system disorders (for example, encepha-
litis and meningitis).

Frequency and severity of iRAEs. The frequency of iRAEs
varies depending on the type of treatment and the patient's
condition, but it is generally considered that 10-30% of patients
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develop some form of iRAE (46). In total, ~3.5% of iRAE
cases are severe and require hospitalization for treatment (46).
In most cases, symptoms are mild to moderate and can be
managed with steroid treatment; however, in severe cases,
treatment may need to be interrupted or immunosuppressants
may be used (47).

Management of iRAEs. Early detection and prompt treatment
are important for managing iRAEs (48). Regular monitoring
and patient education are recommended, and patients are
required to immediately visit a medical institution if symptoms
appear. For treating mild cases, local treatment and low-dose
steroids are used, and for moderate to severe cases, systemic
steroids and immunosuppressants (such as methotrexate and
azathioprine) are used (46,47,49).

9. Combination therapy of PD-1/PD-L1 ICIs and other
treatments

PD-1/PD-L1 ICIs may be not sufficiently effective, and several
combination therapies have recently been evaluated (50).

PD-1/PD-L1 inhibitors combined with chemotherapy.
Gandhi et al (51) reported that the combination of chemotherapy
and a PD-1 inhibitor (pembrolizumab) is more effective than
conventional treatment in patients with metastatic non-small
cell lung cancer. Lynch et al (52) treated 30 patients with
advanced sarcoma using a combination of doxorubicin and
pembrolizumab, and 36.7% (11/30) of the patients responded
to the treatment. However, PFS and OS were relatively short,
at 5.7 and 17 months, respectively.

PD-1/PD-LI inhibitors in combination with radiotherapy.
Dovedi et al (53) demonstrated that a combination of
radiotherapy and PD-1 inhibitors improved the tumor
immune environment and enhances the therapeutic effect.
Patel et al (54) reported that preoperative radiation increases
the tumor-associated macrophage expression of PD-L1
in STSs. Katsuki et al (55) reported that radiotherapy is
necessary both pre- and post-operatively when anti-PD-L1
therapy is used.

Combining PD-1/PD-LI inhibitors with other immunotherapies.
The combination of PD-1/PD-L1 inhibitors with CTLA-4 inhibi-
tors (for example, ipilimumab) improves the therapeutic effect
on refractory cancers such as advanced melanoma (56). A recent
systematic review and meta-analysis evaluated the efficacy and
safety of a combination of PD-1/PD-L1 inhibitors and CTLA-4
inhibitors as a novel therapy for solid tumors (57). This combi-
nation showed no significant effect on the overall response rate,
major pathological response, pathological complete response,
surgical resection, radical resection, OS, PFS, recurrence-free
survival, grade 3-4 adverse events, all-cause mortality, and
treatment completion. New ICIs which suppress both PD-1 and
CTLA-4 signals have been developed (58).

Combination of PD-1/PD-LI Inhibitors and targeted therapy.
The combination of a PD-L1 inhibitor (atezolizumab) and
an angiogenesis inhibitor (bevacizumab) improves survival
in patients with unresectable hepatocellular carcinoma (59).
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Roussot et al (60) assessed the safety of a combination of a
PD-1/PD-L1 inhibitor and anti-angiogenesis therapy in the
first-line treatment of unresectable hepatocellular carcinoma
by monitoring patients' conditions during and after treat-
ment and documenting the frequency and severity of adverse
reactions; they, found the regimen to be generally safe and
efficacious. They used the Common Terminology Criteria for
Adverse Events to assess the adverse reactions. iRAEs such as
skin rash, diarrhea, liver dysfunction and endocrine disorders,
and radiation-related adverse reactions such as dermatitis at
the irradiated site, fatigue, and effects on organs at the irra-
diated site (for example, pneumonia due to irradiation of the
lungs) were reported as the most common adverse reactions.
Mild to moderate side effects were observed in numerous
patients, but these were within the normal range and did
not require intervention. Serious side effects were reported
in some patients but were infrequent and manageable with
prompt therapeutic intervention (60). A phase III randomized
study demonstrated the efficacy of atezolizumab and bevaci-
zumab plus chemotherapy in patients with non-small cell lung
cancer (61). A phase I study reported the efficacy of a combi-
nation of atezolizumab and bevacizumab in patients with
advanced malignancies (62). These combination therapies are
promising strategies to maximize the efficacy of PD-1/PD-L1
inhibitors in cancer treatment.

10. Future directions

Future research should focus on several key areas. Reliable
response biomarkers, such as tumor mutation burden and
microsatellite instability, should be identified to predict
which patients will benefit most from PD-1/PD-L1 inhibi-
tors. Combinations of PD-1/PD-L1 inhibitors with other
therapies can be explored to overcome resistance and enhance
efficacy (22). To improve therapeutic strategies, the contribu-
tions of the tumor microenvironment and genetic alterations
to resistance and the underlying mechanisms should be
elucidated (33). Finally, additional immune checkpoints and
pathways that may synergize with PD-1/PD-L1 blockade
should be identified (20,21).

11. Conclusions

The PD-1/PD-L1 immune checkpoint plays a critical role in
the immune evasion of bone and soft tissue tumors. While
significant progress has been made in elucidating and
targeting this pathway, challenges remain in identifying target
patient populations and in overcoming resistance mechanisms.
Ongoing research and clinical trials continue to explore the
potential of PD-1/PD-L1 inhibitors, alone and in combination
with other therapies, to improve outcomes for patients with
these challenging malignancies.
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